INTRODUCTION
The anaerobic Gram-negative bacterium Porphyromonas (Por.) gingivalis, which is asaccharolytic and highly proteolytic, is one of the major pathogens causing adult periodontal disease. Periodontal disease is a chronic infection of the periodontium and leads to tooth loss in general populations. In addition, a number of epidemiological studies have shown significant relationships between periodontal disease and systemic diseases such as diabetes (Taylor, 2001 ) and cardiovascular disease (Beck et al., 1996; Joshipura et al., 1996; Mattila et al., 1995; Morrison et al., 1999; Taniguchi et al., 2003) . Por. gingivalis has been detected in atherosclerotic plaques, together with other periodontal pathogens (Chiu, 1999; Kozarov et al., 2005) .
The genomes of two Por. gingivalis strains, W83 and ATCC 33277, have been completely sequenced (Naito et al., 2008; Nelson et al., 2003) . Extensive genomic rearrangements between the two strains were revealed by comparison of their genome sequences, with many of these rearrangements suggested to be caused by various mobile genetic elements, including insertion sequences, miniature inverted-repeat transposable elements, transposons and conjugative transposons (CTns) (Naito et al., 2008) . One of the mobile genetic elements found in the genome of Por. gingivalis ATCC 33277, CTnPg1, is 44.3 kb in size and represents the first complete CTn in the genus Porphyromonas, which belongs to the phylum Bacteroidetes (Naito et al., 2008) .
CTns, a subgroup of integrative and conjugative elements, are characterized by their ability to move from one bacterial cell to another by a process requiring cell-to-cell contact (Wozniak & Waldor, 2010) . These integrated elements can excise themselves from the genome in which they are integrated, transfer themselves by conjugation into a recipient cell and integrate into the recipient genome. Many CTns carry antibiotic-resistance genes, such as those providing tetracycline-resistance (Tc r ) and erythromycinresistance (Em r ) (Clewell & Flannagan, 1993) . Among anaerobic bacteria, CTn systems have been studied most extensively in the genus Bacteroides (Jeters et al., 2009; Salyers et al., 1995; Wood et al., 2010) . Bacteroides CTns range in size from 65 kb to over 105 kb. The most widespread family of Bacteroides CTns is the CTnDOT/ERL family, which contains CTnDOT, CTnERL and CTn341. Members of the CTnDOT/ERL family share common backbone genes with high sequence similarities, whereas CTnPg1 has moderate sequence similarity to the common backbone genes of the CTnDOT/ERL family members. Moreover, unlike CTnPg1, CTns in the CTnDOT/ERL family carry, as accessory genes, a ribosome-protectiontype Tc r gene, tetQ and the rteA rteB genes that sense tetracycline and control CTn transfer function (Whittle et al., 2002a) . These differences suggest that CTnPg1 is distantly related to the CTnDOT/ERL family.
Our previous study revealed that CTnPg1 is able to excise itself from chromosomal DNA and form a circular intermediate (Naito et al., 2008) . In this study, we examined whether CTnPg1 can transfer to another strain of Por. gingivalis and to strains of other bacterial species. We also identified the consensus sequence of the CTnPg1 attachment (att) site and the genes essential for CTnPg1 transfer.
METHODS
Bacterial strains and culture conditions. The bacterial strains and plasmids used in this study are listed in Table 1 . Porphyromonas, Bacteroides and Prevotella strains were cultured anaerobically (10 % CO 2 , 10 % H 2 , 80 % N 2 ) in enriched brain-heart infusion (eBHI) medium or on enriched tryptic soy (eTS) agar at 37 uC (Nakayama et al., 1995) . The medium and agar were supplemented with 5 mg haemin and 0.5 mg menadione ml 21 . For the selection and maintenance of antibiotic-resistant strains of Porphyromonas, Bacteroides and Prevotella, antibiotics were added to the medium at the following concentrations: ampicillin (Ap), 10 mg ml 21 ; Em, 10 mg ml 21 and Tc, 0.7 mg ml
21
. Escherichia coli strains were cultured in LB medium or on LB agar plates. For the selection and maintenance of antibioticresistant strains of E. coli, 100 mg Ap ml 21 was added.
Construction of mutant strains. The primers used in this study are listed in Supplementary Table S1 (available with the online version of this paper). Por. gingivalis gene-deletion mutants were constructed as follows. DNA regions up-and downstream of the gene of interest were amplified by PCR from the chromosomal DNA of Por. gingivalis ATCC 33277 or W83 using two pairs of primers (geneX-Up-F plus geneX-Up-R-restriction site and geneX-Dw-F-restriction site plus geneX-Dw-R, respectively, where 'geneX' indicates the gene name of the target of each primer and 'Up', 'Dw', 'F' and 'R' indicate upstream, downstream, forward and reverse, respectively). The amplified up-and downstream fragments of each gene were mixed and amplified using a pair of primers (geneX-Up-F plus geneX-Dw-R). The resultant targeting fragment was ligated into pUC118 or pTOPO blunt 4. The Em r gene (ermF) was amplified from pKD355 with a pair of primers ( ermF-F-BamHI plus ermF-R). The Ap r gene (cepA) was amplified from pCS22 with a pair of primers (CEPFOR plus CEPREV). A 1.1 kb BamHI fragment of ermF or a 1.2 kb BamHI fragment of cepA was inserted into the BamHI or BglII site of a targeting fragment to yield plasmids for mutagenesis. The gene targeting plasmids were linearized and introduced into Por. gingivalis ATCC 33277 or W83 by electroporation. Double recombination resulted in the deletion of the targeted gene and acquisition of Em or Ap resistance.
To create CTnPg1 constructs containing selectable markers, the cepA or ermF gene was inserted into CTnPg1. DNA regions encoding PGN_0079 and PGN_0080, respectively, were amplified by PCR from the chromosomal DNA of ATCC 33277 using two pairs of primers (CTnPg1-Up-F plus CTnPg1-Up-R-BamHI and CTnPg1-Dw-FBamHI plus CTnPg1-Dw-R, respectively). Both amplified fragments were mixed and reamplified using a pair of primers (CTnPg1-Up-F plus CTnPg1-Dw-R). The resultant fragment was ligated into pUC118, resulting in pKD1020. cepA-and ermF-encoding fragments were inserted into the BamHI site of pKD1020 to yield pKD1021 and pKD1022, respectively. The plasmids were linearized and introduced into Por. gingivalis ATCC 33277 by electroporation. The resulting transformants, KDP183 and KDP184, carried cepA and ermF, respectively, in the intergenic region between PGN_0079 and PGN_0080 in CTnPg1.
A recA deletion mutant complemented with an intact recA allele was constructed from W83 as follows. Because recA (PG0881) is transcribed with bcp (PG0880) as an operon (Abaibou et al., 2001) and the promoter is located upstream of bcp, a 1.84 kb fragment containing the entire bcp-recA operon and its promoter (bcp-recA fragment) was amplified by PCR from chromosomal DNA using primers bcp-recA-F and bcp-recA-R. The PCR product was digested with PstI and SmaI and then inserted into the PstI and SmaI sites of pKD713, which carries sequences up-and downstream of the fimA gene and tetQ construct (Kikuchi et al., 2005) , resulting in pKD1029. The plasmids were digested with NotI and introduced into Por. gingivalis W83 by electroporation. The resulting transformant, KDP181, carried an additional bcp-recA operon at the fimA locus (PG2132). Finally, the original recA gene was deleted from the chromosome of KDP181 using pKD1028 as described above, resulting in the recA-complemented strain KDP182 (DrecA fimA : : recA
PCR analysis. Excision of CTnPg1 was assessed by detecting its circular intermediate and cast-off genome by PCR analysis as described previously (Naito et al., 2008) . The circular intermediate was amplified using two primers targeting the left and right ends of CTnPg1 (CTnPg1-left and CTnPg1-right), and the cast-off genome was amplified using two primers targeting the CTnPg1-flanking chromosome regions (CTnPg1-up and CTnPg1-down). PCR amplification was performed with 100 ng genomic DNA as the template and LA Taq (Takara Shuzo), using the following program: preheating (94 uC for 1 min), followed by 30 cycles of DNA denaturation (94 uC for 20 s), primer annealing (55 uC for 30 s) and DNA extension (68 uC for 2 min).
flanking the glk gene (Naito et al., 2008) . This PCR generates 730 and 500 bp products from the ATCC 33277 and W83 genomes, respectively.
Conjugation procedure. Conjugation was performed essentially as described by Shoemaker et al. (1986) and Valentine et al. (1988) . In brief, donor and recipient strains were grown overnight in eBHI Southern hybridization analysis. The restriction enzyme BglII recognizes only one site in CTnPg1 (inside PGN_0087). A DNA probe was generated from the int gene (PGN_0094) of ATCC 33277 chromosomal DNA by PCR using a pair of primers (int-F plus int-R). This probe was labelled with the AlkPhos Direct system for chemiluminescence (GE Healthcare). Genomic DNA from Por. gingivalis strains was digested with BglII and separated by electrophoresis in a 0.8 % agarose gel. Southern blot analysis was performed with a Hybond-N + membrane (GE Healthcare) and CDP-Star detection reagent (GE Healthcare).
Sequence analysis of the integration site for CTnPg1. DNA sequences of the right CTnPg1-flanking regions were determined by the inverse PCR method (Bellen et al., 2004) . Genomic DNA from a transconjugant was digested with BglII and then self-ligated using T4 DNA ligase. Ligation products were used as templates for inverse PCR to amplify the right CTnPg1/chromosome junction using primers iPCR-r1 and iPCR-r2. CTnPg1-flanking sequences were determined by the direct sequencing of inverse PCR products. To verify the sequence data, left and right flanking regions of CTnPg1 were amplified from genomic DNA by PCR using the primer pairs CTnPg1-left plus all att-left and CTnPg1-right plus all att-right, followed by direct sequencing. Sequencing was carried out using BigDye v3.1 chemistry on ABI3130 sequencers (Applied Biosystems).
Sequence analysis and Tn number registry. Protein-coding sequences (CDSs) were identified with the MiGAP (Microbial Genome Annotation Pipeline) program suite (Sugawara et al., 2009) in the Database Center for Life Science (http://migap. lifesciencedb.jp/index.html). A homology search using the genes in CTnPg1 as query sequences was carried out against the public protein (nr) database from NCBI (http://www.ncbi.nlm.nih.gov/) and the Human Oral Microbiome Database (http://www.homd.org/index. php) (Chen et al., 2010) using the BLASTP program (Altschul et al., 1997) . CTnPg1 was registered as Tn6161 at the Tn Number Registry (http://www.ucl.ac.uk/eastman/tn/).
RESULTS

Transfer of CTnPg1 among Por. gingivalis strains
To determine whether CTnPg1 can transfer from Por. gingivalis ATCC 33277 to other Por. gingivalis strains, we constructed an Ap r donor strain, KDP183, from ATCC 33277 by introducing the cepA gene into the intergenic region between PGN_0079 and PGN_0080 genes in CTnPg1. This site was chosen to minimize the effects of insertion on the expression of adjacent genes. Derivatives of strain W83 were used as recipients because the complete genome sequence of W83 has been determined (Nelson et al., 2003) and the colony morphology of strain W83 on eTS agar plates is different from that of strain ATCC 33277. W83 forms white colonies, whereas ATCC 33277 forms transparent colonies (see Supplementary Fig. S1 , available with the online version of this paper). The Em r recipient strain KDP385 was constructed by exchanging the porT gene of W83 with the ermF gene. After mating the donor strain (KDP183) and the recipient strain (KDP385), we isolated Ap r Em r colonies ( Table 2 ). The Ap r Em r colonies exhibited either white or transparent morphologies; white colonies appeared at a frequency of 10 These results suggest that CTnPg1 can be transferred from ATCC 33277 to W83 and, in addition, that the ermF gene inserted into the porT location of the W83 chromosome can be transferred from W83 to ATCC 33277. Transconjugants with white or transparent colony morphologies were examined by PCR with the primer pair glk-F plus glk-R, which generates PCR products of different lengths from the W83 and ATCC 33277 genomes. These transconjugants were also examined for the presence of the ermF and cepA genes by PCR with the primer pairs cepA-F plus cepA-R and ermF-F plus ermF-R, respectively.
All of the transconjugants with white colony morphologies examined showed 500 bp PCR products (Fig. 1b, lanes 3-6) , which indicated that they were derived from the recipient strain, while all of the transconjugants with transparent colony morphologies examined showed 730 bp PCR products (Fig. 1b, lanes 7-10) , which indicated that they were derived from the donor strain. Both types of transconjugants possessed the cepA and ermF genes (Fig.  1b) . The mating experiment was performed in the presence or absence of DNase I. Transfer frequencies with and without DNase I were not significantly different (Supplementary Table S2 , available with the online version of this paper). No transformants or transductants were obtained when the recipient strain KDP385 was incubated with chromosomal DNA purified from the donor strain KDP183 or filtered supernatants of the cell suspension of donor strain (Supplementary Table S2 ). The results of these control experiments suggested that CTnPg1 transfer did not result from transformation or transduction. Furthermore, we examined the W83-derived transconjugants for the presence of CTnPg1 in their chromosomes by Southern hybridization. Probe DNA generated from the int gene (PGN_0094), which is located at the right end of CTnPg1, was used for Southern hybridization, and the examined chromosomal DNA was digested with the enzyme BglII, which cuts CTnPg1 only once (outside of the int gene; Fig. 1a) . The int probe DNA hybridized to several chromosomal regions of the recipient (Fig. 1c , lane R), suggesting that the recipient chromosome has DNA regions sharing homology with the int gene. Therefore, DNA bands resulting from conjugation are indicated as DNA bands that are specific for the transconjugants when compared with those of the recipient. Southern hybridization analysis suggested that the W83-derived transconjugants possessed between one and five copies of CTnPg1 at various chromosomal loci; however, we cannot exclude the possibility that some of the newly appearing DNA bands were generated by transposition of endogenous integrase-encoding DNA regions in the recipient (Fig. 1c) .
int-Dependent excision of CTnPg1
Previous studies of CTns in members of the genera Bacteroides and Vibrio have indicated that the integrase (int), DNA excision protein (exc) and recA genes are involved in CTn excision (Sutanto et al., 2004; Waldor et al., 1996; Whittle et al., 2002b Whittle et al., , 2006 . The Bacteroides CTns CTn341 and CTnDOT require exc for their excision (Bacic et al., 2005; Sutanto et al., 2002) . recA is required for the excision of the Vibrio STX element from a donor chromosome (Waldor et al., 1996) . PGN_0084 within CTnPg1 shares 56 % identity in amino acid sequence to the exc gene of CTn341 from Bacteroides (Bacic et al., 2005) . To determine whether int (PGN_0094), PGN_0084 and recA (PGN_1057) are required for CTnPg1 excision, mutants with these genes deleted were constructed from strain ATCC 33277 and examined for CTnPg1 excision by detecting a circular intermediate form of CTnPg1 using PCR as described previously (Naito et al., 2008) (Fig. 2a) . PCR analysis revealed that CTnPg1 circular intermediates were detected in the PGN_0084 mutant KDP185 and the recA mutant KDP187, but not in the int mutant KDP186 (Fig. 2b) , suggesting that CTnPg1 excision requires the int gene (PGN_0094) but not PGN_0084 or the recA gene. From the mating experiment using the int mutant as a donor strain, no recipient-derived transconjugants were obtained, whereas frequencies of donor-derived transconjugants were nearly identical in the wild-type and int mutant, suggesting that the integrase was required for CTnPg1 transfer (Table 2) .
Dependence of CTnPg1 transfer on the presence of recA in the recipient
The requirement for RecA function in the recipient for CTn transfer differs among CTns (Cooper et al., 1997; Waldor et al., 1996; Whittle et al., 2006) . To examine whether CTnPg1 transfer is affected by the presence of recA in the recipient, we constructed a recA deletion mutant (KDP180) and a recA + -complemented strain (KDP182) from strain W83. The donor strain (KDP183) and the recipient strain (KDP180 or KDP182) were mated as described above. The mating experiment with KDP183 and KDP180 (recA) produced no W83-derived transconjugants, whereas KDP183 and KDP182 (recA recA + ) produced W83-derived transconjugants similar to those found in the mating experiment with KDP183 and KDP385 (porT) ( Table 2 ). The results suggest that RecA function in the recipient strain is required for inter-strain transfer of CTnPg1 among Por. gingivalis strains. 
Characterization of Por. gingivalis CTnPg1
Target sites for CTnPg1 integration
We determined the insertion sites of CTnPg1 in W83-derived transconjugants to assess whether CTnPg1 uses a specific insertion site. For this purpose, we amplified the right chromosome-CTnPg1 junction from chromosomal DNA of W83-derived transconjugants by inverse PCR. Between one and five inverse PCR products were detected in each transconjugant. All PCR products were recovered from the agarose gel and sequenced by direct sequencing. Sequences of all detected CTnPg1-inserted sites (att) were verified by PCR amplification of the left and right flanking regions of each CTnPg1 copy and subsequent sequencing, as described in Methods.
As summarized in Table 3 , 17 CTnPg1-insertion sites were identified from 18 W83-derived transconjugants. In eight transconjugants, we detected at least two chromosomal CTnPg1 insertion sites, revealing that CTnPg1 can be inserted into multiple sites in a recipient chromosome. Multiple CTn integrations have also been reported for CTnBST (Song et al., 2007) . Multiple sequence alignment analysis of the CTnPg1 insertion sites revealed a 13 bp consensus att sequence for CTnPg1, TTTTCNNNNAAAA. The consensus sequence was consistent with the att sequence that we previously deduced from the comparison of the sequences of left and right junctions of CTnPg1 integrated in the ATCC 33277 chromosome, that of the circularized form and that of the cast-off genome (Naito et al., 2008) .
Transfer of CTnPg1 to other bacteria
To determine whether CTnPg1 can be transferred from Por. gingivalis to other bacterial species, three Bacteroides species (B. fragilis, B. thetaiotaomicron and B. uniformis) and two Prevotella (Pre.) species (Pre. intermedia and Pre. oralis) were mated with a derivative of Por. gingivalis ATCC 33277. The Em r donor strain of ATCC 33277, Por. gingivalis KDP184, contains the ermF gene at an intergenic region within CTnPg1, and the recipient strains of the Bacteroides and Prevotella species are Ap r . The colony morphology of the recipient strains on TS agar plates is also different from that of Por. gingivalis KDP184: the recipient strains form white and rapidly growing colonies, whereas the donor strain forms transparent colonies, as mentioned above.
We obtained Ap r Em r colonies at frequencies of 10
27
-10 25 when B. thetaiotaomicron VIP5482 and Pre. oralis K176 were used as recipients, but not when other species were used (Table 4 ). The colonies obtained were examined for the presence of CTnPg1 by PCR using CTnPg1-specific primers, and bacterial strains were identified by PCR using strain-specific primers (Fig. 3) . The results indicated that all transconjugants were derived from the recipient bacteria and possessed CTnPg1. Thus, CTnPg1 can be transferred from Por. gingivalis to at least B. thetaiotaomicron and Pre. oralis.
CTns homologous to CTnPg1
A homology search with the nucleotide sequence of CTnPg1 was performed against the MICROBE database of NCBI and the Human Oral Microbiome Database. We found several CTnPg1-like CTns in unfinished genome sequences of oral bacteria: Prevotella buccae D17 contig 1.75, Porphyromonas endodontalis ATCC 35406 contig 00095 and Pre. intermedia strain 17 chromosome II (Fig.  4a ). CDSs were identified from the CTnPg1-like CTns in Pre. buccae D17 contig 1.75 and in Pre. intermedia strain 17 chromosome II using the MiGAP program. CDS information for the Por endodontalis CTnPg1-like CTn was obtained from the MICROBE database. All CDSs of these CTnPg1-like CTns were analysed for amino acid sequence similarity to the genes in CTnPg1. All of the CTnPg1-like CTns and CTnPg1 shared highly conserved backbone genes, which comprised the tra, int and mob genes and genes for topoisomerase and methylase. On the other hand, CTnPg1 and the CTnPg1-like CTns exhibited remarkable variation in their accessory genes, with the exception of the CTnPg1-like CTns of Pre. intermedia and Pre. buccae, which contained identical ABC transporters and RNDsuperfamily-like exporters. Direct repeat sequences of 13 bp like those found at the att sites of CTnPg1 were also detected at the ends of CTnPg1-like CTns, with slight variation observed in Pre. intermedia (Fig. 4b) .
DISCUSSION
CTnPg1 is the first complete CTn found in Por. gingivalis and carries a full set of genes for conjugative transfer and integration (Naito et al., 2008) . Our previous study revealed that CTnPg1 can be excised from the chromosome and forms a circular intermediate (Naito et al., 2008) . However, prior to this study, it was not known whether CTnPg1 could be transferred to other Por. gingivalis strains.
In this study, we revealed that CTnPg1 can be transferred to another Por. gingivalis strain, W83, at a frequency of 10 27 -10
26
. Furthermore, we found that, in addition to the transfer of CTnPg1 itself, chromosomal gene transfer from strain W83 to strain ATCC 33277 also occurs. When an antibiotic-resistance gene was inserted into the W83 porT locus, which has no function related to DNA transfer, it was transferred to the chromosome of ATCC 33277 at a . This phenomenon has been already observed in Por. gingivalis by Tribble et al. (2007) , who suggested that the observed chromosomal marker gene transfer between Por. gingivalis strains is due to a high frequency of recombination-like events. Because this genetic event appeared to be different from CTn transfer, we did not perform a further analysis of the event in the present study.
The transfer of a CTn requires several steps (Salyers et al., 1995) . First, the CTn is excised from the host chromosomal DNA and forms a circular intermediate, a covalently closed dsDNA circle. Then, the circular form is nicked at oriT to generate ssDNA by rolling-circle replication. The ssDNA form of the CTn is transferred into a recipient cell, where the dsDNA form of the CTn is synthesized from the transferred ssDNA. Finally, this CTn dsDNA is used to regenerate a circular intermediate, which is then integrated into a target site (att site) in the recipient genome. Previous studies have indicated that the genes required for CTn transfer vary among CTns. The Bacteroides CTns DOT and ERL require the genes int and exc (Whittle et al., 2002b (Whittle et al., , 2006 . In this study, we found that CTnPg1 requires the int gene (PGN_0094) but not the exc homologue (PGN_0084, encoding a DNA topoisomerase-like protein). Because ATCC 33277 contains several chromosomal PGN_0084 paralogues (PGN_0582, PGN_0221 and PGN_0781), we cannot exclude the possibility that some of these paralogues are involved in the excision of CTnPg1. A number of studies have been performed on the necessity of the recA gene in the donor and/or the recipient for the excision and/or integration of CTns. The transfer of the Vibrio cholerae STX element decreases dramatically when the donor or recipient is deficient in recA (Waldor et al., 1996) . On the other hand, the Bacteroides CTns DOT, ERL, 12256 and 7853 can be transferred even if the donor or recipient is a recA mutant (Cooper et al., 1997) . In this study, we found that the transfer of CTnPg1 requires RecA function in the recipient. The RecA protein may help to generate circular intermediates from linear CTnPg1 dsDNA in the recipient cell through homologous recombination.
Sequencing of the CTnPg1 insertion sites in transconjugants revealed that CTnPg1 utilizes a 13 bp sequence (TTTTCNNNNAAAA) as its att site. We also found CTnPg1-like CTns in the chromosomes of Pre. buccae, Pre. endodontalis and Pre. intermedia that had the same att consensus sequence as that of CTnPg1. The integrase genes of the CTnPg1-like CTns share high amino acid sequence similarities (~98 % identities) with that of CTnPg1. As shown in Table 5 , the att consensus sequence of the CTnPg1 family has no similarity to that of Bacteroides CTns, although the CTnPg1 integrase gene shows moderate amino acid sequence similarities (59-60 % identities) to those of Bacteroides CTns (Bedzyk et al., 1992; Cheng et al., 2000; Song et al., 2007) . Although the CTnPg1 att consensus sequence shows some similarity to that of the Tn916/Tn1545 family, the integrase gene of CTnPg1 has no similarity to that of Tn1545 (Clewell & Flannagan, 1993) . These results suggest that the CTnPg1 family is distinct from both the Bacteroides CTns and the Tn916/Tn1545 family.
We found that CTnPg1 can be transferred to B. thetaiotaomicron VIP5482 and Pre. oralis K176, but it may have a broader range. Because several oral anaerobic bacteria have CTnPg1-like CTns, the results suggest that the CTnPg1 family is widely distributed in oral and intestinal anaerobic bacteria and plays an important role in horizontal gene transfer among these bacteria. CTns often possess antibiotic-resistance genes, and the transfer of CTns contributes to the spread of those genes among bacteria. CTnPg1 has a gene, PGN_0081, that codes for a Na + -driven multidrug efflux pump. At a position similar to PGN_0081 in CTn, CTnPg1-like CTns contain genes encoding ABC transporters, RND-superfamily-like exporters and HAE3 family efflux transporters, which are closely related to antibiotic resistance. The CTnPg1 family may also contribute to the spread of antibiotic resistance among bacteria. Further work concerning the host range and accessory genes of the CTnPg1 family is needed to clarify its roles in gene transfer among bacteria and in the acquisition of diversity within bacterial species. 
